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DETAILED ACTION 
Claim Rejections - 35 USC §103 
1 . The text of those sections of Title 35, U.S. Code not included in this action can be found 
in a prior Office action. 



2. Claims 1-10 and 12-15 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Sawada et al., "A Super Low-Noise AlGaAs/InGaAs/GaAs DC-HFET with 0.15 micron Gate- 
Length" [Sawada] in view of Enoki, "Delay Time Analysis for 0.4- to 5-micron-Gate InAlAs- 
InGaAs HEMT's" [Enoki]. 

a. Sawada discloses a DC-HFET having a doped channel composed of n-InGaAs; a 
doped barrier (or semiconductor structure) composed of n-AJGaAs (a material having a lower 
electron-affinity than that of the channel); and a doped contact composed of n-GaAs. An ohmic 
electrode is formed on the GaAs contact layer and a Schottky electrode is formed on the barrier 
layer semiconductor structure. The doped AlGaAs barrier forms isotype heterojunctions with the 
InGaAs channel and the GaAs contact layers. Sawada further teaches that various structural- and 
doping-configuration modifications for the barrier layer may be employed with the DC-HFET to 
further optimize or adjust various conventionally-understood device parameters. For example, 
compare the embodiment of FIG 1 wherein an undoped barrier exists between the n-doped 
InGaAs channel and the n-GaAs cap with the embodiment of FIG 6 wherein the barrier layer is 
undoped beneath the gate and doped beneath the source and drain, thereby maintaining an 
enhanced gate Schottky barrier while reducing the series resistance between the channel and the 
cap layers (page 355, col. 1, section 4, first paragraph). 
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Sawada does not anticipate the claims because it does not teach the further inclusion of 
an undoped layer/region disposed between the doped top and the bottom regions of the AlGaAs 
barrier layer, nor that the gate makes Schottky contact particularly to this undoped layer region 
(claim 14). 

b. Enoki teaches III- As-based HEMT HFETs that comprise an n-InGaAs channel; an 
InAl As "semiconductor structure" comprised successively of an n-doped, undoped, and n-doped 
layer; an n+ InGaAs contact layer for connection of ohmic electrodes; and a Schottky gate that 
contacts the middle, undoped layer of the "semiconductor structure." (See e.g., FIG 1) Enoki 
specifically states that "the undoped InAlAs layer between two highly doped InAlAs layers is to 
enhance the Schottky barrier of the gate metal. The upper n+-InAlAs layer is designed to reduce 
the source and drain series resistance." (Page 502, col. 1, section II) 

c. It would have been obvious to one of ordinary skill in the art at the time of the 
invention to have modified the Sawada n- AlGaAs barrier layer by providing an additional 
undoped layer between the top and bottom portions (or restated, by temporarily stopping and 
restarting the dopant supply during the growth of the barrier layer) for the purpose of enhancing 
the Schottky barrier of the gate while simultaneously providing a source/drain series resistance 
that is reduced relative to if the upper portion of the barrier was undoped, as taught by Enoki; 
and also for the purpose of providing both of these advantages while simultaneously obviating 
the need for the additional masking steps that would be required to achieve the structure of 
Sawada' s FIG. 6 embodiment wherein the dopant implant is provided for only the S/D regions. 

d. Regarding claims 3, 5 and 7, while Sawada discloses a DC-HFET having a 
heavily doped channel, barrier and cap layer, wherein the respective junctions are all iso-type 
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heterojunctions, Sawada does not teach the limitations of claim 3 which recites that the layers of 
the channel/barrier junction and the barrier/contact junction are all doped 1E18. Rather, Sawada- 
-while also disclosing that these layers are all heavily doped to the same order of magnitude-sets 
forth specific, slightly higher doping concentrations for the channel, barrier and contact layers of 
2.5E18, 1.5E18 and 3E18, respectively. 

Nonetheless, it would have been obvious to one of ordinary skill in the art 
at the time of the invention to have modified the doping concentrations to the particular 
doping levels set forth in claim 3 because the doping levels of the Sawada layers are all 
heavily doped to the same order of magnitude as that claimed, and such minor changes to 
the doping levels would not produce any unexpected results, but rather constitute an 
optimization of results readily obtainable through routine experimentation: more 
specifically, lowering the barrier doping concentration from 1.5E18 to 1E18 would 
merely produce the expected results of proportionally increasing the gate-barrier layer 
Schottky barrier and slightly increasing the source/drain resistance; decreasing the 
channel doping from 3E 18 to IE 18 would slightly reduce both the channel/barrier 
heterojunction barrier and the carrier-impurity scattering in the channel; and reducing the 
contact doping from 3E18 to 1E18 would proportionally increase the source and drain 
resistances. 



Response to Arguments 

3. Applicant's arguments filed 3/8/2004 have been fully considered but they are not 
persuasive. 
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a. Applicant has requested that the examiner provide evidence to support the latter' s 
conclusion that one of ordinary skill in the art would have expected that the enhanced gate 
Schottky barrier achieved in Enoki with a doping layer with more than twice the doping of the 
doping layer of Sawada could be achieved in the doping layer of Sawada. 

However, the issue is not whether heavily doping portions of the barrier to 1 .5el 8 vs. 
4el 8 will enhance the Schottky barrier for the gate. In fact, the more heavily n-doped a barrier 
layer is, the closer the Fermi energy level is to the conduction band energy level, or restated, the 
lower the gate Schottky barrier is. Rather, it is the inclusion of the undoped region or sublayer 
within the heavily doped barrier layer that raises the gate Schottky barrier. By definition, the 
undoped sublayer has an impurity doping concentration that is on the order of about lei 5- lei 6 
atoms/cm A 3 or lower, at least two to three orders of magnitude lower than the sandwiching 
layers that are doped on the order of 10 A 18 atoms/cm A 3 for both Sawada and Enoki. Enoki 
teaches this doping structure, and Sawada evidences that the ordinarily skilled artisan would 
have expected these well-understood, conventional semiconductor principles to also be 
applicable in an AlGaAs system as well as an InAlAs system: see e.g., FIG. 6 wherein the GaAs 
barrier layer possesses source/drain regions that are heavily doped to decrease the Schottky 
barrier to the source/drain regions (or make the S/D contacts more ohmic, or decrease the S/D 
resistance), and also possesses an undoped region under the gate (a region doped at least a few 
orders of magnitude lower than the S/D regions) for providing an increased gate Schottky 
barrier relative to if the gate region were also doped. 

b. Applicant next argues: 

Second, in paragraph no. 4 on page 5 of the Advisory Action the Examiner 
alleged, "Enoki was relied upon for its broader teaching that within a FET of given 
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material system, the doped-barrier layer thereof may be further provided with an undoped 
region for influencing the Schottky barrier height..." The Examiner has indicated that he 
is relying upon the first paragraph of Enoki et al. under the section "II. Device Structures 
and Performances 1 ' to support this allegation. This portion of Enoki et al . discloses, [t]he 
doping density for n+-InAJAs was 4 x 10 18 cm' 3 . The undoped InAlAs layer between two 
highly doped InAlAs layers is to enhance the Schottky barrier of the gate metal" 
(emphasis added). The Examiner has completely failed to explain how this specific 
teaching of Enoki et al. that an undoped layer of InAlAs between two doped layers of n+- 
InAlAs with doping density of 4x10 cm reduces the Schottky barrier of the gate metal 
supports the general allegation that any undoped layer between any two doped layers 
having any doping density reduces the Schottky barrier of the gate metal. 

First, Applicant misunderstands the Examiner's position. As explained by Enoki, the 
further inclusion of an undoped InAlAs layer between two heavily doped n-type InAlAs layers 
will increase — not decrease — the Schottky barrier relative to if the undoped layer were not 
present. 

Second, the examiner did not make "the general allegation that any undoped layer 
between any two doped layers having any doping density reduces [sic: increases] the Schottky 
barrier of the gate metal" Rather, as was explained previously and hereinabove, the examiner's 
assertion was, and is, that including an undoped layer between sandwiching heavily doped 
barrier layers and in contact with the gate metal will increase the gate Schottky barrier relative to 
if the undoped layer was not present, at least when (1) the undoped layer is composed of the 
same base composition as the doped barrier layers (i.e., the doped/undoped/doped barrier layers 
form two homojunctions); and (2) the doped barrier layers are n-doped on the order of 10 A 18 
(i.e., at least a few orders of magnitude greater than the undoped layer), in the manner taught by 
Enoki. The "allegation" that this effect also applies to semiconductor material systems other 
than InAlAs is based on the well-understood physics principles that in an undoped III-V 
semiconductor, the Fermi energy level is positioned approximately midway between the 
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conduction and valence bands, and that n-doping III-V semiconductor materials shifts the Fermi 
energy level towards the conduction band. 

c. Applicant also argues (third argument) that because the inclusion of an undoped layer 
will increase the resistance of the device, such a modification to Sawada would render this prior 
art invention being modified unsatisfactory for its intended purpose, and as such there is no 
suggestion or motivation to make the propped modification. This argument is not persuasive. 

Enoki teaches that the inclusion of an undoped layer in the middle of the barrier — to 
which the gate is in direct, Schottky contact — enhances (or increases) the Schottky barrier. 
Enoki also teaches that the further inclusion of the upper highly n-doped barrier layer — that 
forms a junction with the superposed highly n-doped, lower bandgap, InGaAs contact layer — 
reduces the series resistance, at least sufficiently to allow the HFET to operate as intended. As 
such, the further inclusion of an undoped layer composed of the same material as the rest of 
Sawada' s barrier layer would not cause the barrier to possess unsatisfactorily high resistance 
because the additional presence of the upper, highly n-doped region of the AlGaAs barrier layer 
that forms a junction with the GaAs S/D contact layers in Sawada would sufficiently reduce the 
S/D series resistance to allow the Sawada HFET to operate as intended, as taught by Enoki. 
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Contact Information 



Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to B. William Baumeister whose phone number is (571) 272-1722. 
The examiner can normally be reached on M-F 9-6. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Tom Thomas can be reached on (571) 272-1664. The fax phone number for the 
organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 
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